Nonlinear optical crystals of pure, 10 and 50 mol% glycine mixed L-valinium picrate have been grown from saturated aqueous solution by slow evaporation method at a temperature of 36˚C using a constant temperature bath of accuracy of ±0.01˚C. The synthesized organic optical material has been purified by repeated recrystallization. The cell parameters were calculated using single crystal X-ray diffraction technique which confirmed the crystal system. Optical behavior was examined by UV-Vis-NIR spectrometer in the range from 190 nm to 1100 nm, which revealed the absence of absorption in the entire visible region. Functional groups and modes of vibration were identified by FT-IR spectrometer in the range between 400 cm −1 and 4000 cm −1 . The 1 H-and 13 C NMR spectra of grown crystals were recorded using D 2 O as solvent on a Bruker 300 MHz (Ultrashield) TM instrument at 23˚C (300 MHz for 1 H NMR and 75 MHz for 13 C NMR) to confirm the molecular structure. The second harmonic generation conversion efficiency was investigated by Kurtz powder method using Nd: YAG laser as a source to explore the NLO characteristics.
Introduction
To satisfy the modern society's demand for photonics and telecommunication, extensive search of new nonlinear optical (NLO) materials is very essential [1] . The investigations on new nonlinear optical crystals with high second harmonic generation efficiency are more attractive because of their application in the field of telecommunication, optical computing and optical storage [2, 3] . Organic nonlinear optical crystals are more resourceful materials for NLO applications compared to inorganic materials due to their large electro-optic coefficient with low frequency dispersion and high nonlinearity [4] . Due to chiral symmetry and noncentro symmetric properties, complex of amino acid with organic acid is promising materials for NLO applications [5] . Hence, lots of researches are being carried out to synthesize new organic NLO materials. In our laboratory, we engaged in finding new NLO materials and some of the results were reported recently [6] [7] [8] . Growth and characterization on nonlinear optical crystal L-valinium picrate were carried out and reported earlier [9] [10] [11] [12] . Growth and characterization on L-valinium picrate and 10 mol% of glycine mixed L-valinium picrate were reported by other authors [13, 14] . In the present investigation, the synthesis and growth of pure, 10 and 50 mol% glycine mixed L-valinium picrate crystals from its aqueous solution by slow evaporation have been reported. The cell parameters were calculated using single crystal X-ray diffraction studies. Using UV-Vis-NIR spectrum, transmission properties were reported. Functional groups were identified by FT-IR analysis. The chemical structure was discussed using FT-NMR technique and SHG test was also performed to confirm the NLO property.
Crystal Growth
Analar grade samples of glycine, valine and picric acid were employed for the synthesis of L-valinium picrate (LVP). 10 mol% glycine mixed L-valinium picrate (10 GVP) and 50 mol% glycine mixed L-valinium picrate (50 GVP). LVP was synthesized by the reaction between picric acid and the amino acid, L-valine taken in equimolar ratio. 10 GVP has been grown from glycine, valine and picric acid taken in the ratio of 0.1:0.9:1 (Glycine: Valine: Picric Acid) in the deionized water. Same procedure was carried out to obtain 50 GVP in the ratio of 0.5:0.5:1 (Glycine: Valine: Picric Acid). The purity of the synthesized materials was increased by successive recrystallization. The chemical reaction involved in growth of L-valinium picrate may be written as follows.
The purified powder of LVP, 10 GVP and 50 GVP were dissolved thoroughly in double distilled water at 30˚C to form saturated solution. The solutions were heated to remove any undissolved substance and filtered to remove the dust particles. Then the solutions were kept aside undisturbed for the growth of single crystal. After two weeks, good quality transparent crystals were harvested.
Result and Discussion

XRD Technique
The single crystal diffraction analysis of LVP, 10 GVP and 50 GVP were carried out using ENRAF NONIUS CAD-4 single X-ray diffractometer with MoK α (λ = 0.71073 Å) radiation. From the XRD data, it was observed that 10 GVP crystallizes in orthorhombic crystal system and LVP, 50 GVP crystallizes in monoclinic system. The observed cell parameters are tabulated in the Table 1. 
UV-Vis-NIR Analysis
The UV-Vis-NIR spectrum of grown crystals were recorded using Lambda 35 double beam spectrometer in the range at 190 nm to 1100 nm and it is shown in Figure 1 . From the transmission spectrum, it was observed that the grown crystal has transparency from 425 nm to 1100 nm.
UV cut-off wavelength of L-valinium picrate (LVP), 10 mol% glycine mixed L-valinium picrate (10 GVP) and 50 mol% glycine mixed L-valinium picrate (50 GVP) are 425 nm, 460 nm and 450 nm respectively. The transparency above the 460 nm satisfies the requirement for frequency doubling of Nd: YAG laser. The observed peaks in the range between 200 nm to 360 nm, were due to transition from n to Π * transitions of carbonyl group [15] .
FT-IR Analysis
The FT-IR spectrum of grown crystals were recorded in the KBr phase in the frequency region of 400 -4000 cm −1 using Perkin-Elmer FT-IR spectrometer (model SPECTRUMRX1) and shown in Figure 2 . The recorded spectrum was compared with the available literature [16] . The observed vibrational frequencies and their tentative assignments are given in the of C = O group of glycine. The absorptions of 10 GVP and 50 GVP have been compared with those of parent compound (LVP) and its shows shifts in the position of characteristics peak which confirm the formation of the new compound.
NMR Studies
The 1 H-NMR and C-NMR spectrums are represented in δ ppm and are tabulated in the Table 3 .
The proton in the glycine and picric acid was assigned with the help of the available literature [17, 18] . In 1 HNMRspectrum, the OH-proton of picric acid pf LVP, 10 GVP and 50 GVP are observed at δ = 8.75, 8.54 and 8.73 ppm respectively. The same was observed at δ = 11.94 ppm in free picric acid [18, 19] . This upfield shift was due to the shielding of OH proton by the Л and n electron of glycine, confirming the charge transfer phenomenon in the compound [20] . The sharp and intense peak at δ = 4. to carboxylic acid [21] . The doublets observed around at δ = 0.8 ppm to 0.9 ppm are assigned to the proton of two CH 3 group of L-valine in all three crystals. The signal observed at δ = 3.85 and 3.83 ppm of 10 GVP and 50 GVP respectively are due to the protons present in the (CH 2 ) group of glycine which indicates that addition of glycine in L-valinium picrate.
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In 13 C-NMR spectrum, the signals observed at δ = 172.01, 170.08 and 170.08 ppm of LVP, 10 GVP and 50 GVP were due to presence of COOH of L-valine. The characteristic peak nearly at δ = 162 ppm of three crystals were attributed to ipso carbon of picric acid. The observed peak arround δ = 141 ppm of three crystals were due to C 2 and C 6 carbon atom containing NO 2 
SHG Test
The nonlinear optical susceptibility of grown crystals were measured through second harmonic generation test using standard Kurtz and Perry Method [22] . The powdered sample is placed in the path of Nd: YAG laser with pulse width of 8 ns and repetition rate 10 Hz. The intensity of incident power is 2.8 mJ/pulse for LVP, 50 GVP crystals and 3.5 mJ/pulse for 10 GVP crystals. The green color output signal from the sample confirmed the second harmonic generation. The intensity of output light was observed as 1300 mV, 425 mV and 1050 mV for LVP, 10 GVP and 50 GVP crystals respectively.
Conclusion
Organic NLO material, L-valinium picrate (LVP), 10 mol% glycine mixed L-valinium picrate (10 GVP) and 50 mol% glycine mixed L-valinium picrate (50 GVP) were grown from aqueous solution in room temperature using slow evaporation technique. The cell parameters were determined by XRD analysis and crystal systems were found. The chemical environment of carbon and hydrogen in grown crystals was identified by FT-NMR technique and it confirmed the presence of dopent in parent crystals. The NLO effect was confirmed by Kurtz and Perry technique.
